In therian and especially eutherian mammals, ejaculate secretions come from a species-variable complex of male accessory sex glands. Accessory gland secretions not only provide the milieu for spermatozoa at ejaculation but also can perform additional defined roles according to species. For instance, components absorbed from seminal plasma can induce ovulation in the camelidae [1, 2] and possibly in the koala too [3] . In some species, much of the ejaculate immediately coagulates to form a vaginal plug. This plug may not be as critical for sperm transport leading to fertilization in hamsters and mice, but in rats it forms a necessary barrier [4] against which, after about 2 min, contractions of the anterior vagina transport the bolus of mostly still-immotile spermatozoa to the fluid-filled uterus [5] . The vaginal plug promotes sperm transport also in the musk shrew and civet cat, but whereas it is removed in the rat by the next coital episode, in species such as the guinea pig the plug acts as a chastity-enforcing device [6] . In many species, however, seminal secretions remain for the most part or entirely as a fluid. In the rabbit, humans, cow, and sheep, as examples, seminal plasma progresses no further than the external cervix, whereas in the pig, dog, and horse, the whole ejaculate passes through the cervix into the uterus. Thus, the fate of male accessory gland secretions can vary widely according to species, and this has be taken into account when considering their possible functions.
The complex of male accessory glands reflects an evolutionary development essentially seen only in mammals, and, as discussed here, their adaptive significance in many species remains uncertain. The constitution of seminal plasma can vary widely also, according to species [7] . In all, it has seemed reasonable to conclude that the function of these glands may initially have related to the benefits of forming a copulatory plug, with the later appearance of different variations reflecting subsequent evolutionary radiations [8] . Possible functions of components in seminal plasma were considered in Mann's The Biochemistry of Semen [9] . Subsequently, however, the evidence from artificial insemination and from experimental studies of sperm function has suggested that seminal secretions have no critical role per se in the fertilizing ability of spermatozoa. Later, Beer and Billingham [10] suggested that seminal plasma components may help to prevent an immunological response to spermatozoa, but it has yet to be shown whether repeated insemination of epididymal spermatozoa elicits antisperm antibodies. However, in the past two decades, a number of papers have assigned important specific roles for male accessory gland secretions, variously in the transport, survival, and integrity and/or fertilizing ability of spermatozoa and, postfertilization, even in the success of a pregnancy.
These recent studies, which are at odds with many earlier observations based largely on functional end points, are focused to a greater degree at the molecular level. For example, in regard to the influence of seminal secretions on spermatozoa, Ca2 þ signaling tools delivered by prostasomes (lipoprotein vesicles secreted by the prostate) have been deemed to be important for activation of mouse sperm motility [11] or in regulation of sperm capacitation [12] and to be fundamental to the success of spermatozoa in fertilization [13] . In humans, likewise, prostasomes are reported to have a role in activation of spermatozoa [14] , in enhancement of ''sperm capacity'' [15] , and in the avoidance of premature acrosome reactions [16, 17] . It has been proposed also that human seminal plasma contains proteins important for successful fertilization [18, 19] , and a seminal component-soluble tumor necrosis factorrelated apoptosis-inducing ligand (TRAIL)-has been reported to promote the survival of human spermatozoa after capacitation [20] . In addition, Bjorndal and Kvist [21] have concluded that the stability of human sperm chromatin depends on the zinc-rich character of the prostatic secretion. On another tack, as judged by the pregnancy rate it appears that epididymal spermatozoa of the sheep negotiate the cervix more successfully when suspended in seminal plasma [22] , and it has been proposed that a seminal vesicle component (SVS2) is essential for mouse sperm survival in the uterus [23] , though this is not so in sheep [22] . Finally, certain bovine seminal proteins are reported to induce an important cholesterol efflux from epididymal spermatozoa during capacitation [24] , while others (oviduct binder sperm proteins) are judged to be a key in establishing the sperm population in the oviduct isthmus [25, 26] , from whence a very few potentially fertilizing spermatozoa migrate to the oviduct ampulla.
Not only does this recent literature deem that accessory gland secretions promote sperm fertilizing ability at several specific points in the ascent of spermatozoa, but they are reported to have protective effects also on the sperm genome. A series of studies specific to the hamster (see Poon et al. [27] ) have concluded that male accessory gland secretions serve in an antioxidant role and that their absence brought by gland ablation brings a disturbance of epigenetic programming of the sperm nucleus reflected later in the state of golden hamster embryos. A similar outcome in mice [28] has been attributed in part to damage of the sperm genome but also to effects on the female tract. A further role postulated for seminal secretions rests in the concept that absorption of seminal components has a positive impact on implantation and, subsequently, embryo development. This was inferred in comparing a 7% embryo survival in women not recently exposed to seminal plasma with an 11% survival at 6-8 wk in those having intercourse around the period of embryo transfer [29] . Later studies in this vein have concluded that seminal fluid primes the regulatory T cells involved in the interplay between antigens expressed by the fetus and placenta on the one hand and the maternal immune system on the other [30] . Such an exposure to components in seminal plasma has been proposed to promote a maternal tolerance to paternal antigens and thus receptivity to the embryo [31] and even its later health [27, 32] .
In the matter of the sperm's fertilizing ability, it is difficult to reconcile the recent stress on the importance of seminal plasma components for sperm function with the many examples of epididymal spermatozoa fertilizing eggs in vivo and in vitro without exposure to seminal plasma. In exploring the epididymis in the guinea pig, rabbit, rat, hamster, and pig, for example, mature epididymal spermatozoa fertilized eggs normally whether inseminated in utero or into the tubal ampulla. Moreover, not only does the use of frozen spermatozoa in artificial insemination essentially remove seminal plasma as a factor, but cervical inseminations of bovine spermatozoa from the cauda epididymidis resulted in a 69% pregnancy rate [33] . In regard to the mouse, epididymal spermatozoa have long been used successfully in a host of studies-not only for in vitro fertilization (IVF) but also in uterine insemination of both cycling [34] and superovulated females [35] [36] [37] . In humans, although Bjorndahl and Kvist [21] note that ''it is important for sperm chromatin structure that the spermatozoa are ejaculated together with the zinc-rich prostatic secretion,'' those retrieved from the proximal region of the obstructed human epididymis are capable of fertilization leading to the birth of normal babies [38, 39] . As for other roles proposed for human seminal plasma, not only does cervical mucus present a barrier through which spermatozoa pass into the uterus devoid of seminal plasma, but human spermatozoa are washed free of seminal plasma before clinical intrauterine insemination to avoid the discomfort evoked by its prostaglandins.
On the other hand, whereas the pregnancy rate in sheep was similar after uterine insemination of epididymal spermatozoa with or without seminal plasma, their cervical insemination in seminal plasma did result in a higher rate than insemination with epididymal spermatozoa alone [22] . This outcome suggests that seminal plasma may somehow facilitate cervical sperm transport in sheep, as did the observation that it fosters penetration of human cervical mucus [40] . However, rabbit epididymal spermatozoa inseminated vaginally together with an equal number of washed ejaculated spermatozoa competed at least as well in terms of their transport to the oviduct ampulla and their ability to fertilize eggs there [41] , and in the study of Rickard et al. [22] , vaginal insemination of epididymal spermatozoa did in fact create many pregnancies.
Seminal components can indeed evoke a leukocytosis in the vagina, cervix, and uterus, and, as well as sperm phagocytosis, it is possible that this could have some role in the later wholesale uterine ejection of ejaculate back into the vagina, as seen in some rodents. However, suggestions that such male secretions are important generally for the establishment of a pregnancy and its later health fly in the face of the vast experience with embryo transfer in females not exposed to seminal plasma. Beginning with successful transfers in sheep [42] and mice [43] , it has been the experience that virgin females are excellent recipients in domestic and laboratory animals. To take a human example close to home, patients at the Cornell Center for Reproductive Medicine (CRM) are not ''primed'' by recent exposure to seminal plasma. On the contrary, they tend to be discouraged from this during the peri-IVF period. Yet, in 2012, transfer of two embryos led to normal live births in 47.3% of women of ,35 yr of age. Moreover, IVF outcomes in the CRM program have been successful in small cohorts of both single women and lesbian recipients.
In considering the possible functions of male accessory gland secretions, it would be naive to assume that ''one size fits all.'' As noted, components secreted by male accessory glands reach differing points in the female tract, according to species. They serve in some instances to induce ovulation or form a vaginal plug that functions in sperm transport or as a chastitypromoting device, and Williams-Ashman [44] left open the door as to other roles in asserting that while it is unreasonable to assume that every constituent of seminal plasma has reproductive importance, it is equally absurd to preclude any one from having physiological value. In that debate, however, more recent claims as to the functional significance of seminal plasma bring major inconsistencies when set against earlier observations based on functional end points. According to the study, seminal components have been deemed in recent years to have an important role for sperm function at every point from the cervix to appropriate colonization of the oviduct. Yet, while seminal plasma may indeed facilitate sperm progress at the level of the cervix [22, 40] , the record demonstrates that where this presents a barrier to spermatozoa, their transport leading to fertilization does not depend in any essential way on the presence of seminal components. In rabbits, sheep, and cattle, epididymal spermatozoa inseminated vaginally can reach and fertilize eggs in the oviduct ampulla to create normal embryos. Thus, recent claims that seminal fluid components have a specific importance for sperm function or for the integrity of sperm chromatin contradict observations not only that epididymal spermatozoa fertilize normally in vitro but also that they can reach the site of fertilization and perform there normally in vivo. It seems patently wrong, moreover, to conclude that a seminal plasma component-TRAIL-may protect human spermatozoa in the uterus after capacitation [20] , and it is equally unlikely that seminal plasma suppresses a premature occurrence of the acrosome reaction in cauda spermatozoa [16, 17] . Although functional spermatozoa released from the upper epididymis may capacitate more rapidly than those from the cauda (e.g., Hunter et al. [45] ), the latter behave as do ejaculated spermatozoa in vivo and in vitro, and male accessory gland secretions are unlikely to be ''protective'' in that regard. While seminal plasma may indeed afford some protection in the matter of sperm freezing for artificial insemination [46] , that obviously falls outside the issue of its physiological function. Finally, while seminal plasma can evoke cellular reactions in the female tract, the conclusion that implantation and the subsequent health of the conceptus are fostered by the female's exposure to seminal plasma ignores in a puzzling way not only the extensive success of ARTs in women not so exposed but also the outcome of embryo transfer in virginal domestic and laboratory animals.
To conclude, it seems important now for our understanding of the mechanisms of conception to try to resolve the discord in regard to the possible functions of the components of seminal plasma. That some of these may have an impact in a nuanced way on the efficiency of particular steps or outcomes cannot be dismissed. However, in terms of key mechanisms, many experimental and clinical results demonstrate that the presence of seminal plasma is not essential for the transport and survival of spermatozoa in the female tract, for fertilization, or for implantation and development of the embryo.
